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Abstract 10 
 11 
Thermal analysis complimented with evolved gas mass spectrometry has been applied 12 
to hydrotalcites of the pyroaurite-stitchtite series containing the carbonate anion 13 
prepared by co-precipitation and with varying Fe3+,Cr3+ trivalent cation ratio. The 14 
resulting materials were characterized by XRD, and TGA/DTG to determine the 15 
stability of the hydrotalcites synthesised. Hydrotalcites of formula 16 
Mg6(Cr0.8,Fe0.2)2(OH)16(CO3).xH2O, Mg6(Cr0.6,Fe0.4)2(OH)16(CO3).xH2O, 17 
Mg6(Cr0.4,Fe0.6)2(OH)16(CO3).xH2O and Mg6(Cr0.2,Fe0.8)2(OH)16(CO3).xH2O formed 18 
by intercalation with the carbonate anion as a function of  Fe3+,Cr3+ trivalent cationic 19 
ratio show variation in the d-spacing attributed to the size of the cation.  20 
The thermal decomposition of stitchtite-pyroaurite solid solution  21 
a) removal of adsorbed water (< 100 ºC),  22 
b) elimination of the interlayer structural water (100 – 150 ºC), and  23 
c) the simultaneous dehydroxylation and decarbonation of the hydrotalcite 24 
framework (300 – 400 ºC).  25 
The effect of replacement of Cr3+ by Fe3+ has no effect on the dehydroxylation 26 
temperature.  The ion current curves provide evidence for the formation of Fe3+ and 27 
Cr3+ carbonates during dehydroxylation. Dehydroxylation results in the collapse of the 28 
hydrotalcite structure to that of its corresponding metal oxides, and results in the 29 
formation of spinels, including MgO, MgFe2O4, MgCr2O4, and MgFeAlO4.  30 
 31 
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Introduction 34 
 35 
Hydrotalcites, or layered double hydroxides (LDH’s) are fundamentally 36 
anionic clays, and are less well-known than cationic clays like smectites [1, 2]. The 37 
structure of hydrotalcite can be derived from a brucite structure (Mg(OH)2) in which 38 
e.g. Al3+ or Fe3+ (pyroaurite-sjögrenite) substitutes a part of the Mg2+ [3-14]. This 39 
substitution creates a positive layer charge on the hydroxide layers, which is 40 
compensated by interlayer anions or anionic complexes [15, 16].  When LDHs are 41 
synthesized any appropriate anion can be placed in the interlayer. These anions may 42 
be any anion with a suitable negative charge including the phosphate anion. The 43 
hydrotalcite may be considered as a gigantic cation which is counterbalanced by 44 
anions in the interlayer. In hydrotalcites a broad range of compositions are possible of 45 
the type [M2+1-xM3+x(OH)2][An-]x/n.yH2O, where M2+ and M3+ are the di- and trivalent 46 
cations in the octahedral positions within the hydroxide layers with x normally 47 
between 0.17 and 0.33. It is normal practice to determine the composition of the 48 
formed hydrotalcite by chemical means such as ICP-AES or EDAX techniques. An- is 49 
an exchangeable interlayer anion [17].  In the hydrotalcites reevesite and pyroaurite, 50 
the divalent cations are Ni2+ and Mg2+ respectively with the trivalent cation being 51 
Fe3+.  In these cases, the carbonate anion is the major interlayer counter anion. 52 
Normally the hydrotalcite structure based upon takovite (Ni,Al) and hydrotalcite 53 
(Mg,Al) has basal spacings of ~8.0 Å where the interlayer anion is carbonate.  54 
Reevesite and pyroaurite are based upon the incorporation of carbonate into the 55 
interlayer with d(001) spacings of around 8 Å [18, 19].   56 
 57 
Thermal analysis using thermogravimetric techniques enables the mass loss 58 
steps, the temperature of the mass loss steps and the mechanism for the mass loss to 59 
be determined [6, 11, 20-24].  Thermoanalytical methods provide a measure of the 60 
thermal stability of the hydrotalcite. The reason for the potential application of 61 
hydrotalcites as catalysts rests with the ability to make mixed metal oxides at the 62 
atomic level, rather than at a particle level. Such mixed metal oxides are formed 63 
through the thermal decomposition of the hydrotalcite [25, 26].  There are many other 64 
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important uses of hydrotalcites such as in the removal of environmental hazards in 65 
acid mine drainage [27, 28], and a mechanism for the disposal of radioactive wastes 66 
[29].  Their ability to exchange anions presents a system for heavy metal removal 67 
from contaminated waters [30].  Structural information on different minerals has 68 
successfully been obtained recently by sophisticated thermal analysis techniques [6, 69 
20-24].    70 
 71 
In this work we report the thermal analysis of (Fe3+,Cr 3+) hydrotalcites with 72 
carbonate in the interlayer and explore the effect of (Fe3+,Cr 3+) ratio on hydrotalcite 73 
formation and explore the thermal stability of these hydrotalcites.  Fundamentally 74 
these synthesised hydrotalcites are solid solutions of pyroaurite-stitchtite.  Thermal 75 
analysis has proven most useful for the study of the thermal stability of hydrotalcites 76 
[11, 31-34].  The objective of this research is to determine the thermal stability of 77 
hydrotalcites synthesised with different trivalent Fe3+/Cr3+ cationic ratios. 78 
Experimental 79 
Synthesis and Characterisation of Mg, Fe(III), Cr(III) Hydrotalcites with Varying 80 
Fe/Cr Ratios 81 
 82 
A caustic solution (8g NaOH and 3.2g Na2CO3 at 100mL) was stirred vigorously at 65 83 
°C while 100mL Mixed metal ion solutions of Mg(NO3)3.6H2O, Fe(NO3)3.6H2O and 84 
Cr(NO3)3.9H2O were added dropwise to the said caustic solution. The following table 85 
indicates the moles of each metal nitrate used. 86 
 87 
Ratio Cr : Fe Moles of Mg 
Nitrate 
Moles of Fe(III) 
Nitrate 
Moles of 
Cr(III) Nitrate 
Sample 
number 
0.8 : 0.2 0.075 0.005 0.02 1-Mg, Fe, Al 
LDH 
0.6 : 0.4 0.075 0.01 0.015 2-Mg, Fe, Al 
LDH 
0.4 : 0.6 0.075 0.015 0.01 3-Mg, Fe, Al 
LDH 
 4
0.2 : 0.8 0.075 0.02 0.005 4-Mg, Fe, Al 
LDH 
 88 
The resulting solution was aged at 65 °C for 18-20hrs, filtered with hot and cold water 89 
to remove nitrates and dried in an oven overnight at 65 °C.  90 
 91 
X-ray diffraction 92 
 93 
 X-Ray diffraction patterns were collected using a Philips X'pert wide angle X-94 
Ray diffractometer, operating in step scan mode, with Cu Kα radiation (1.54052 Å). 95 
Patterns were collected in the range 3 to 90° 2θ with a step size of 0.02° and a rate of 96 
30s per step. Samples were prepared as a finely pressed powder into aluminium 97 
sample holders. The Profile Fitting option of the software uses a model that employs 98 
twelve intrinsic parameters to describe the profile, the instrumental aberration and 99 
wavelength dependent contributions to the profile. 100 
 101 
Thermal Analysis 102 
 103 
 Thermal decomposition of the hydrotalcite was carried out in a TA® 104 
Instruments incorporated high-resolution thermogravimetric analyzer (series Q500) in 105 
a flowing nitrogen atmosphere (80 cm3/min). Approximately 50 mg of sample was 106 
heated in an open platinum crucible at a rate of 5.0 °C/min up to 1000°C at high 107 
resolution. With the quasi-isothermal, quasi-isobaric heating program of the 108 
instrument the furnace temperature was regulated precisely to provide a uniform rate 109 
of decomposition in the main decomposition stage. The TGA instrument was coupled 110 
to a Balzers (Pfeiffer) mass spectrometer for gas analysis. Only selected gases such as 111 
water and carbon dioxide were analyzed. 112 
 113 
Results and discussion 114 
 115 
X-ray diffraction 116 
 117 
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The X-ray diffraction patterns for the carbonate interlayer hydrotalcites are 118 
shown in Figure 1. Hydrotalcite normally has a d(003) spacing of  around 7.9 Å. The 119 
sulphate interlayer hydrotalcite has a spacing of 8.0 Å.  The XRD patterns show that 120 
the d-spacing for the carbonate interlayer hydrotalcite is cation dependent. 121 
The XRD patterns obtained for the synthetic hydrotalcites match closely with 122 
reference pattern 01-070-2150 (pyroaurite – (Fe2Mg6(OH)16CO3(H2O)4.5)0.375). The 123 
method of synthesis for these hydrotalcites allows for the possibility of a variety of 124 
products including: hydrotalcite, pyroaurite, stitchtite and other forms of hydrotalcites 125 
with a mixture of cationic ratios. However, there appears to be only one phase present 126 
in the XRD pattern, suggesting that other phases were not produced. Minor quantities 127 
may have been produced but were not detected using XRD. The d(003) obtained for the 128 
synthesised hydrotalcites were 7.955 , 7.766, 7.921 and 7.656 Å, 1,2,3,4 hydrotalcites 129 
respectively.  The increase in d spacing for the 3:1 and 4:1 hydrotalcites indicates an 130 
increase in the interlayer region of these hydrotalcites. The reason for this is attributed 131 
to the increased degree of surface hydroxyls resulting in an increased degree of filling 132 
in the hydrotalcite interlayer. 133 
 134 
Thermogravimetry 135 
 136 
Thermal decomposition of Mg6(Cr0.8,Fe0.2)2(OH)16(CO3).xH2O layered double 137 
hydroxide 138 
 139 
 The TG and DTG curves for the synthesised 1-Mg,(Fe,Cr) LDH 140 
(Cr:Fe=0.7:0.2) are shown in Figure 2a and the gas evolution ion current curves 141 
resulting from the thermal decomposition in Figure 2b.   Two major mass loss steps 142 
are observed at 60 and 347°C with a third mass loss step at 395°C.  The mass losses 143 
observed at these temperatures are 16.21, 22.54 and 5.97%.   The first mass loss step 144 
is attributed to dehydration. The following reaction is proposed: 145 
Mg6(Cr0.8,Fe0.2)2(OH)16(CO3).xH2O → Mg6(Cr0.8,Fe0.2)2(OH)16(CO3) + xH2O.   146 
The ion current curves show a maximum for the m/z ratios of 17 and 18 at 61°C.  The 147 
dehydration mass loss step is highly asymmetric and stretches out to 150°C. Thus this 148 
mass loss step includes not only dehydration but removal of the interlayer water as 149 
well.    150 
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 151 
 The mass loss step at 347°C is assigned to a combination of dehydration and 152 
decarbonation which appear to occur simultaneously.  The ion current curves for 153 
m/Z=44 (CO2) prove that CO2 is lost at 351 and 393°C.  No CO2 is lost at 154 
temperatures lower than 351°C.  The ion current curves for m/z = 17 and 18 show that 155 
water vapour is evolved at 348°C.  However, minimal water vapour is lost at 393°C. 156 
It is possible that the formation of carbonates is an intermediate step in the 157 
dehydroxylation/decarbonation step.   158 
The following reaction is proposed: 159 
Mg6(Cr0.8,Fe0.2)2(OH)16(CO3) → 0.2MgFe2O4 + 0.8MgCr2O4 + 5MgO + +CO2  + 8H2O 160 
 161 
The molecular mass of Mg6(Cr0.8,Fe0.2)2(OH)16(CO3) is 581.8. Thus the theoretical 162 
mass loss for dehydroxylation and decarbonation is 46.7 and 10.3%.  These values are 163 
much higher than the values reported in Figure 2a.  It is possible that some 164 
dehydroxylation at lower temperatures occurs.  165 
 166 
 167 
Thermal decomposition of Mg6(Cr0.6,Fe0.4)2(OH)16(CO3).xH2O layered double 168 
hydroxide 169 
 170 
The thermal decomposition of the Mg6(Cr0.6,Fe0.4)2(OH)16(CO3).xH2O layered 171 
double hydroxide is shown in Figure 3a and the associated ion current curves are 172 
reported in Figure 3b.   Four mass loss steps are observed (a) up to 47°C (b) from 173 
47°C to 150°C (c) at 345°C and (d) at 400°C.  These mass loss steps are attributed to 174 
loss of adsorbed water (b) dehydration (c) dehydroxylation and decarbonation and (d) 175 
decarbonation.  The mass losses for these steps are 5.71, 16.0, 21.88 and 4.82% 176 
respectively.  The following reactions are proposed: 177 
Dehydration up to 150°C 178 
Mg6(Cr0.6,Fe0.4)2(OH)16(CO3).xH2O → Mg6(Cr0.6,Fe0.4)2(OH)16(CO3) + xH2O 179 
Dehydroxylation at 345°C: 180 
Mg6(Cr0.6,Fe0.4)2(OH)16(CO3) → Mg6O8(Cr0.6,Fe0.4)2(CO3) + 8H2O 181 
Decarbonation at 345 and 400°C. : 182 
Mg6O8(Cr0.6,Fe0.4)2(CO3) → 0.4MgFe2O4 + 0.6MgCr2O4 + 5MgO + +CO2   183 
 184 
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 The ion current curves for m/z = 17 and 18 prove the loss of water up to 185 
125°C and the gain of water vapour through the dehydroxylation process at 346°C.  186 
The ion current curve for m/z = 44 shows that CO2 is lost at 349 and 393°C.  This 187 
result suggests that not all the CO2 is lost at 349°C.  The ion current curves prove that 188 
no OH units are retained after 349°C.  Thus it is proposed that some carbonate 189 
formation results from the dehydroxylation of the hydrotalcite.  It is possible that 190 
Fe2(CO3)3 and Cr2(CO3)3  are formed and if some reduction occurs then FeCO3 and 191 
CrCO3  may be formed.  Thus at 393°C these carbonates decompose.  192 
 193 
 194 
Thermal decomposition of Mg6(Cr0.4,Fe0.6)2(OH)16(CO3).xH2O layered double 195 
hydroxide 196 
 197 
The thermal decomposition of the Mg6(Cr0.4,Fe0.6)2(OH)16(CO3).xH2O layered 198 
double hydroxide and the associated ion current curves provide information on the 199 
thermal decomposition of this stitchtite-pyroaurite.    Four mass loss steps are 200 
observed (a) up to 50°C (b) from 50°C to 150°C (c) at 346°C and (d) at 400°C.  These 201 
mass loss steps are attributed to loss of adsorbed water (b) dehydration (c) 202 
dehydroxylation and decarbonation and (d) decarbonation.  The mass losses for these 203 
steps are 5.71, 16.0, 21.88 and 4.82% respectively.  The following reactions are 204 
proposed: 205 
Dehydration up to 150°C 206 
Mg6(Cr0.4,Fe0.6)2(OH)16(CO3).xH2O → Mg6(Cr0.4,Fe0.6)2(OH)16(CO3) + xH2O 207 
Dehydroxylation at 345°C: 208 
Mg6(Cr0.4,Fe0.6)2(OH)16(CO3) → Mg6O8(Cr0.4,Fe0.6)2(CO3) + 8H2O 209 
Decarbonation at 345 and 400°C. : 210 
Mg6O8(Cr0.4,Fe0.6)2(CO3) → 0.6MgFe2O4 + 0.4MgCr2O4 + 5MgO + +CO2   211 
 212 
 The ion current curves for m/z = 17 and 18 prove the loss of water up to 213 
around 125°C and the gain of water vapour through the dehydroxylation process at 214 
346°C.  The ion current curve for m/z = 44 shows that CO2 is lost at 346 and 393°C.  215 
This result suggests that not all the CO2 is lost at 349°C.  The ion current curves prove 216 
that no OH units are retained after 349°C.  Thus it is proposed that some carbonate 217 
formation results from the dehydroxylation of the hydrotalcite.  As above it is possible 218 
 8
that Fe2(CO3)3 and Cr2(CO3)3  are formed and if some reduction occurs then FeCO3 219 
and CrCO3  may be formed.  Thus at 393°C these carbonates decompose.  220 
 221 
Thermal decomposition of Mg6(Cr0.2,Fe0.8)2(OH)16(CO3).xH2O layered double 222 
hydroxide 223 
 224 
 The thermal decomposition of Mg6(Cr0.2,Fe0.8)2(OH)16(CO3).xH2O layered 225 
double hydroxide is reported in Figure 4a and the appropriate selected ion current 226 
curves in Figure 4b.   In the DTG pattern four mass loss steps are resolved at 55, 128, 227 
344 and 391°C with mass losses of 7.21, 7.53, 22.54 and 4.81%.  The first two steps 228 
are attributed to dehydration; the third step to dehydroxylation and decarbonation; and 229 
the fourth mass loss step to partial decarbonation.  It is noted that some distinction 230 
between the loss of adsorbed water and intercalated water is resolved in this DTG 231 
pattern for Mg6(Cr0.2,Fe0.8)2(OH)16(CO3).xH2O layered double hydroxide.   It is noted 232 
that as the Fe3+ replaces the Cr3+ in the pyroaurite-stitchtite hydrotalcites almost no 233 
shift in the dehydroxylation temperature is observed.   234 
 235 
 236 
Conclusions 237 
 238 
Hydrotalcites of the stitchtite-pyroaurite series were synthesised and 239 
characterised by powder X-ray diffraction and thermogravimetry with mass 240 
spectrometry.  Hydrotalcites of the stitchtite-pyroaurite series of formula 241 
Mg6(Cr0.8,Fe0.2)2(OH)16(CO3).xH2O, Mg6(Cr0.6,Fe0.4)2(OH)16(CO3).xH2O, 242 
Mg6(Cr0.4,Fe0.6)2(OH)16(CO3).xH2O and Mg6(Cr0.2,Fe0.8)2(OH)16(CO3).xH2O formed 243 
by intercalation with the carbonate anion as a function of  Fe3+,Cr3+ trivalent cationic 244 
ratio were synthesised.  The different LDHs show some variation in the d-spacing 245 
attributed to the size of the cation.  246 
 247 
The decomposition of the synthesised hydrotalcites occurred in 3 steps, (1), 248 
evaporation of adsorbed water (up to 100 ˚C), (2), elimination of the interlayer 249 
structural water (up to 200 ˚C), and (3), dehydroxylation and decarbonation of the 250 
hydrotalcite framework (up to 350 ˚C). The ion current curve revealed that 251 
dehydroxylation and decarbonation occurred simultaneously. The ion current curves 252 
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provide some evidence for the formation of intermediates in the dehydroxylation 253 
process resulting in the formation of some carbonates which is retained to slightly 254 
higher temperatures.   255 
 256 
The dehydroxylation temperature indicates the thermal stability of the hydrotalcite 257 
structure, where delays in dehydroxylation indicate a more stable hydrotalcite. Almost 258 
no differences were observed for these synthesised stitchtite-pyroaurite solid 259 
solutions.  The collapse of the hydrotalcite structure produced corresponding metal 260 
oxides and spinels, including MgO, MgCr2O4, MgFe2O4 and MgFeAlO4. 261 
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